Humans can estimate the speed of an object's motion independently of other visual information. Although speed-related neural activity is known to exist in the primate brain, there has been no physiological study that investigated where and how the speed of motion is represented in the human brain. Nine different combinations of spatial and temporal frequencies were used to make drifting sinusoidal grating of five different speeds (from 1.5 to 24 deg/s). Using the stimuli, we evaluated whether the magnetoencephalographic response property changes were due to a speed-tuned mechanism or to separable spatial and temporal frequency detection mechanisms. The latency change was caused mainly by an inseparable speed-tuned mechanism. In contrast, the amplitude was inversely related to the spatial frequency and was also affected by the temporal frequency differently depending on the frequency. Our results support the view that the human visual system has three sets of mechanisms tuned to spatial frequency, temporal frequency, and speed. #
Introduction
The survival of most animals depends on how well they can process the visual information of motion. Studies have been done to elucidate where and how visual motion is processed in the brain to achieve perceptual and behavioral experiences (Smith and Snowden, 1994) . It has long been controversial whether humans can estimate the speed of an object's motion itself without interference from other attributes that inevitably covary with speed (McKee et al., 1986; Smith and Edgar, 1991; Schrater and Simoncelli, 1998; Seiffert and Cavanagh, 1998; Reisbeck and Gegenfurtner, 1999) .
Although a number of studies have provided evidence that neurons in the monkey MT/V5 are tuned to the motion speed (Maunsell and Van Essen, 1983; Lagae et al., 1993; Rodman and Albright, 1987) and that humans perceive the speed of an object's motion itself (Mandriota et al., 1962; McKee et al., 1986 ), these were not conclusive because broadband stimuli were used in some studies and the other study did not fully rule out the possibility that the subjects might have measured the spatial and temporal frequencies independently to calculate the speed. The conclusive evidence has been provided by the recent two studies (Reisbeck and Gegenfurtner, 1999; Perrone and Thiele, 2001) , both of which used drifting sinusoidal gratings for their visual motion stimuli for the following reason: motion speed is expressed as the slope of a line that passes through the origin (0, 0) in the spatiotemporal frequency domain (see Fig. 1 in this study) . If a visual scene with a certain spatial frequency (s cycle/deg) moves at a certain speed (v deg/s), it produces a temporal luminance change. The frequency (t Hz) of such a temporal luminance change can be calculated by the simple relationship: t0/sv, that is v0/t/s. Thus, the motion of a sinusoidal grating at a spatial frequency of s and a temporal frequency of t is represented by a single point (s , t). Using various spatial and temporal frequency combinations, the authors (Reisbeck and Gegenfurtner, 1999; Perrone and Thiele, 2001) could successfully show that the responses of
